The broad spectrum of pharmacological properties of linden inflorescence extracts results from polarity and the level of hydrophilic-lipophilic balance of solvents (medium) used to separate compatible phytochemical structures with the expected pharmacotherapeutic profile.
INTRODUCTION
Dried leaves and inflorescences of both types of linden: small-leaved (Tilia cordata Mill.) and largeleaved (Tilia platyphyllos Scop.) are rich in mucus and phenolic compounds (chlorogenic acid, caffeic acid, vanillic acid, p-coumaric acid) and above all in flavonoids (about 1%) among which the fundamental structures are tiliroside, astragalin, rutin, kaempferol and quercetin derivatives as well as galacatechin tannins and proanthocyanidins [1] [2] [3] [4] .
In bracts and inflorescences (Tiliae flos) there are small amounts of essential oil the main components of which are mono-and sesquiterpenes (linalool, germacrene, farnesene) [5] [6] [7] .
Galenic preparations obtained from linden inflorescence have been used in folk medicine as sedative for anxiety [1] and they also lower the threshold of stimulation of thermoregulatory centers [8] whereas the presence of mucous polysaccharides relieves throat irritation and dry cough [9] .
Terpene compounds are responsible for diuretic effect [8, 9] and high content of flavonols (quercetin and kaempferol) in water-alcoholic extracts promotes inhibition of lipid peroxidation and free radical scavenging [10, 11] .
Extracts of linden inflorescences (Tiliae flos) with lipophilic solvents (ethanol, dichloromethane) inhibit lymphoma cell proliferation by inducing apoptosis, while having significant antiproliferative properties [12] . The methanol extracts, especially those made with ethyl acetate, were characterized by high antimicrobial activity [13, 14] . Water extracts do not demonstrate these properties [12] . High presence of tiliroside in the flavonoid fraction promotes antiinflammatory activity of extracts [12] [13] [14] [15] [16] .
The broad spectrum of pharmacological properties of linden inflorescence extracts results from polarity and the level of hydrophilic-lipophilic balance of solvents (medium) used to separate compatible phytochemical structures with the expected pharmacotherapeutic profile.
The above was the reason for using the general Hildebrand-Scatchard-Fedors theory of solubility [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] to calculate the predicted solubility of classes of phytochemicals contained in linden inflorescences (Tiliae flos) and the indication of those structures which, due to their high solubility in the medium, are responsible for the profile of pharmacological activity.
The calculated solubility not only indicates the quantitative composition of phytochemicals, but also the proper composition of ballast substances, granulometric properties of which decide on the optimal selection of excipients and lubricants in the technology of model solid drug form manufacturing [28, 29] . 
MATERIAL AND METHODS

Material
Solubility of phytochemicals in the extraction medium of diversified polarity -ε M+
The Hildebrand-Scatchard equation, supplemented with the computational technique proposed by Fedors [30] , allows calculation of the solubility parameters of the extraction medium and phytochemical -despite application reservations, it is a fundamental tool for estimating the predicted solubility of phytochemicals in the real solution.
The fundamental equation is the following:
where: ∆H f app -apparent molar enthalpy of melting, R -gas constant, T -temperature in K° (273.15 + t°C) V 2 -phytochemical molar volume of defined structure and melting temp. (°C), φ -solvent volume fraction, δ 1 , δ 2 -solubility parameter of medium (1) and phytochemicals (2), allows the calculation of the solubility in the form of molar fraction -log x 2 . Ethical approval: The conducted research is not related to either human or animal use.
RESULTS AND DISCUSSION
The structure of phytochemicals isolated from linden inflorescences (Tiliae flos), owing to the use of solvents of significantly diversified polarity (-dielectric constant -ε M ) [28] , was the basis for calculating by Fedors method [30] the molar evaporation energy -ΣΔE i (cal/mol) and molar volume -ΣΔV i (cm 3 /mol), which are fundamental quantities necessary to estimate the solubility parameter -δ 1/2 and the required solubility hydrophilic-lipohilic level -HLB Requ .
The values for media are demonstrated in table 1 and for classes of isolated phytochemicals in tables 2 and 3.
It results from the values presented in tab. 1 -δ 1/2 , HLB Requ. and the dielectric constant of the extraction media -ε M that their numerical values decrease radically with the regression of polarity. Table 1 Calculated thermodynamic values and level of hydrophilic-lipophilic balance HLB Requ. of the extraction media [2, 30] Extraction medium 1) Dielectric constant ε M Σ∆E i cal/mol Σ∆V i cm 3 Approximation equations at p=0.05 describe correlations between the solubility parameter δ 1/2 in the function ε M and δ 1/2 =f (ε M ); δ 1/2 =7.1721 + 0.2188 · ε M with r 2 =0.9989 log δ 1/2 =0.9225 + 6.1155 · 10 -3 · ε M with r 2 =0.9936 and between δ 1/2 a HLB Requ. ; δ 1/2 =f (HLB Requ. ) δ 1/2 =(-7.2515) + 13.1380 log with r 2 =0.9951 log δ 1/2 =0.5144 + 0.3703 log with r 2 =0.9989
The above equations, after the estimation of δ 1/2 and HLB Requ. of the class of phytochemicals allow to optimal selection of the medium for their effective quantitative extraction from plant material.
The determined melting temperatures of the phytochemicals -T m w K° (273.15 + t°C) [5] prompted to calculate the apparent enthalpy of melting -∆H f app , which was a fundamental value to estimate the ideal solubility (-log x i 2 ) and -from the Hildebrand-Scatchard equation -the predicted real solubility using (-log x 2 ).
The numerical value of the ideal solubility (-log x i 2 ) and the predicted real solubility (-log x 2 ) of phytochemicals isolated from linden inflorescences (Tiliae flos) are demonstrated in table 4 .
These values (tab. 4) were the basis for tracing the correlation between the predicted real solubility of phytochemicals using log x 2 (-log x 2 , logarithm of the molar fraction of the dissolved substance -x 2 ) and the extraction medium polarity -ε M (dielectric constant); (-log x 2 )=f (ε M ). The course of this correlation is presented in fig. 1, 2 , 3, 4 and described by correlation equations listed in table 5.
It results from the course of this correlation that the solubility of the discussed class of phytochemicals is a derivative of the hydrophilic-lipophilic balance HL-B Requ. related to the polarity level of the extraction medium. Actual solubility of flavonoids hydrophilized by glycoside sugar structures, e.g. rutin and astragalin in relation to their aglycones -quercetin is noteworthy.
The dominant type of equations, which with high correlation coefficients describe the solubility of phytochemicals from the linden inflorescence (Tiliae flos) are y=a+b·log x (tiliroside, isoquercetin, kaempferol, catechin) and log x=a+b·x (rutin, quercetin, astragalin).
Unexpectedly, the solubility profile of tiliroside and kaempferol in solvents of the regressive value of dielectric constant (ε M ) is described by the logarithmic form of the exponential equation y=a·x b ; log y=a+b·log x.
In case of structures of phytochemicals included in the composition of essential oils, thermodynamic parameters and the calculated expected solubility of which are presented in tables 3 and 4, far-reaching compatibility should be noted between the polarity of the extraction medium (ε M , δ 1/2 , HLB Requ. ) and the progression of their solubility (-log x 2 ).
The above has been reliably documented by the course of the correlation between (-log x 2 ) and polarity of the extraction medium ε M ; (-log x 2 )=f (ε M ), fig.4 . The course of this correlation has been described at p=0.05 by approximation equations y=a+b·x and by logarithmic form of exponential equation y=a·x b (log y=a+b·log x), the directional coefficients (slopes) are listed in table 5.
It results from the table 5 data that a significant progression of solubility is directly related to the increase in lipophilicity -the regression of the numerical value of δ 1/2 and HLB Requ. of the extraction medium.
In terms of thermodynamics, the melting temperature T m (273.15 + t°C) is a fundamental value which allows to calculate ∆H f app (apparent entalphy of melting) and above all, ideal (-logx i 2 , S (i) -mol/dm 3 ) and predicted real solubility (-log x 2 , S (n) -mol/dm 3 ).
This results from the Clausius-Clapeyron equation, which concerns -in the application record -the average velocity -V-of particles during the transition of the state of matter (-where V= )) and, above all, from the kinetic definition T m (K°) -T m = E k(aver.) . From this dependence (after transformations), the average velocity of the particle during the transition of the state of matter -V -can be calculated from the equation V= w where m=Mg/mol/6.023·10 23 .
It results from the calculated in tab. 6 ideal solubility -S (i) , that the dissolution profiles of phytochemicals with the real introduction of thermodynamic parameters of water as the pharmacopoeial medium remain in significant numerical convergence.
The use of thermodynamic values: ∆H f app , Σ∆V i , T m (K°) and extraction medium solubility parameters -δ 1/2 as well as extracted phytochemical -δ 1/2 to calculate the real solubility by (-log x 2 ) determines the application reliability of the calculated values listed in tab. 4 and 6 also when the medium polarity (ε M ) is changed. Table 5 Correlation equations describing the dependence at p=0.05 between the calculated predicted solubility (-log x) and medium polarity -ε M ; (-log x 2 ) = f (ε M ) significant applicative importance because it allows to estimate the quantitative and qualitative composition of the aqueous extract in a significant way. However, as the polarity of the extraction system decreases at a low value of δ 1/2 and HLB Requ. a significant lack of compatibility between the ideal (-log x i 2 ) and predicted real solubility (-log x 2 ) is observed (tab. 6).
Results of the presented research indicate that
basing on the parameters characterizing the structure of phytochemicals and the calculated ideal (-log x i 2 ) and predicted real (-log x 2 ) solubility, it is possible -using the general Hildebrand-Scatchard-Fedors theory of solubility [28] -to choose selectively the cascade of extraction media in order to distinguish in the plant material chemical and structural individuals of different polarity. The solubility parameter δ 1/2 and HLB Requ. of the extraction medium should be taken into account in the selective extraction optimization process as well as the direction of technological process i.e. from lipophilic to hydrophilic structures, so that during extraction with water and aqueous ethanol solutions, adverse effects on the quality of the hydrotropic and micellar solubilization extract are eliminated [28, 29] .
